Drainage of cerebrospinal fluid by means of external lumbar drainage (ELD) is controversial in the adult population with traumatic brain injury. We report our experience with ELD in the treatment of post-traumatic high intracranial pressure (ICP) and the results of the long-term follow-up in these patients.
In paediatric patients with traumatic brain injury (TBI), cerebrospinal fluid (CSF) removal through lumbar drainage achieves an option level recommendation in the treatment of high intracranial pressure (ICP) 1 , in accordance with results from preliminary studies 2, 3 . However, in the adult population, this approach is more controversial. High ICP is a major determinant of poor outcome in TBI patients at any stage after injury 4 . Although some clinical studies have demonstrated the feasibility and efficacy of external lumbar drainage (ELD) in TBI patients with refractory intracranial hypertension when some radiological conditions are present 5-10 , safety concerns have arisen 11, 12 . In addition, mechanisms underlying its efficacy in lowering long-lasting raised ICP are not clear and deserve further studies [5] [6] [7] .
Therefore, in this study we report our experience in the clinical management of TBI patients treated with ELD, as well as the results of the long-term follow-up in our series.
MATERIAL AND METHODS
From January 2003 to December 2006 a total of 386 patients suffering from TBI were admitted to the intensive care unit (ICU) of a third level university hospital (Hospital Universitari Son Dureta, Palma de Mallorca, Spain). ICP monitoring by means of an intraparenchymal probe (Camino, Integra NeuroSciences Plainsboro, NJ, USA) was performed in 160 patients. Overall, 91 patients developed increased ICP.
In all cases treated with ELD, the patient's closest relative gave informed consent for ELD placement. Hospital Research Committees approved the study and waived the need of informed consent because it was a retrospective study. A review of our initial elsewhere 7 .
MANAGEMENT OF TBI PATIENTS WITH ICP MONITORING
Patients with TBI and ICP monitoring were managed according to a previously published protocol 7 . In summary, removal of intracranial masses was performed by the neurosurgical team before ICU admission. Sedation with midazolam and/or propofol and analgesia with morphine by continuous intravenous infusion were used. Muscle paralysis to achieve better ventilation or to improve ICP control was induced with cisatracurium as required. Noradrenaline was administered to maintain cerebral perfusion pressure above 60 mmHg when necessary. Treatment of raised ICP included general measures, mannitol, hypertonic saline and moderate hyperventilation according to jugular bulb oxygen saturation values. If secondtier measures were required to control high ICP, barbiturate coma, moderate hypothermia or decompressive craniectomy were chosen by consensus between the ICU and neurosurgical teams.
Placement of ELD was performed in cases of high ICP refractory to second-tier measures or when second-tier measures were not suitable because of cardiorespiratory failure which would preclude the use of barbiturates or therapeutic hypothermia. Refractory high ICP was defined as follows 7,13 : • ICP between 20 to 29 mmHg for 30 minutes, or • ICP between 30 to 39 mmHg for 15 minutes, or • ICP higher than 40 mmHg for at least one minute, in the absence of external manoeuvres, such aspiration of secretions, transport of patients etc.
Lumbar drainage placement and management
An external lumbar drain was placed by the attending intensivist in patients developing refractory high ICP when the radiological conditions described by Münch et al 6 were present in a cranial computed tomography performed in the previous 24 hours. These included: • Absence of any mass lesion • Discernible (present or partially compressed) basal cisterns • Midline shift less than 10 mm.
In the initial 17 patients, a non-tunnelled nylon epidural catheter (Portex Limited, Hythe, Kent, UK) was introduced through a 18 gauge curved tip needle into the subarachnoid space at L3-L4 level. In the last 13 patients, a specifically designed lumbar drainage catheter (Integra NeuroScience, Andover, Hampshire, UK) was used with the same technique. We connected the catheter to a sterile collecting system (Dispomedica ® 22041 Hamburg, Germany). The collecting system was fixed at 10 to 15 cm above the foramen of Monro. After placing the catheter, CSF removal was performed in a controlled manner. When the ICP was over 20 mmHg, CSF was drained continuously with hourly recordings. After the ICP decreased below 10 mmHg, the external lumbar drain was closed, CSF removal stopped and the patient's head was placed at 0 degrees to minimise the risk of cerebral herniation. When ICP increased above 15 mmHg the system was opened and the patient's head placed at 30 degrees again to reinitiate removal 14 .
Data collection and long-term follow-up
Demographic data, Glasgow Coma score 15 after initial resuscitation and cranial computed tomography scan findings were recorded in all patients, and classified according to Marshall's classification 16 .
Outcome at three to five years after injury was evaluated by reviewing medical records and by telephone interview with the patient or closest relative. Neurological outcome was evaluated by the Glasgow Outcome Scale 17 as follows: 1=dead, 2=vegetative state, 3=severe disability, 4=moderate disability, 5=good recovery.
Complications related to the ELD catheter placement were registered. Microbiological analysis of CSF was performed every 48 hours. When the catheter was removed, a culture of the distal catheter tip was done as per protocol. Mechanical problems (requiring change of the catheter) and ELD-related pupillary abnormalities were also registered.
Statistical analysis
Data are presented as mean and the standard deviation (SD) or median and interquartile ranges (IQR 25th to 75th) as appropriate. Comparisons between groups were made using Student's t-test for continuous variables and Fisher's exact test for categorical variables. Outcome was dichotomised into good outcome (moderate disability and good recovery) and bad outcome (dead, vegetative state and severe disability). Data were analysed using SPSS version 15.0 (SPSS Inc., Chicago, USA).
RESULTS
Baseline demographic and clinical characteristics of the 30 patients studied are summarised in Table 1 . Only two patients (6.7%) were treated with an external ventricular drainage (EVD) during their ICU stay. Three patients (10%) required a ventriculo-peritoneal shunt, which was placed before ICU discharge in all cases. None of them had been previously treated with an EVD. Twenty patients (66.7%) were treated with, at least, one second-tier measure (barbiturate coma, therapeutic hypothermia or decompressive craniectomy) ( Table 1) .
ICP before and one hour after ELD placement was 33.7±9.0 and 12.5±4.8 mmHg respectively, a decrease in ICP of 21.2±8.3 mmHg (P <0.0001) ( Figure 1 ). ELD was placed after a mean of 8.6±3.9 days. CSF drainage was maintained for a mean of 6.6±3.5 days.
ICU mortality was 13% (four patients). A good outcome (moderate disability or good recovery) was found in 30% of patients at ICU discharge and 62.2% of the patients in the long-term evaluation ( Table 2) . One patient was lost to follow-up at longterm evaluation.
When comparing outcomes between patients treated with second-tier measures and those without, non-statistically significant differences were found (good outcome in patients treated with second level measures 60 vs 66.7% in patients treated with ELD without other second-tier measures, P=1.0).
The most common complication was ELD obstruction, which occurred in eight patients (26%). It was transient in four patients but in the other four cases (13%), replacement of the ELD was required. There were positive cultures of the distal end in four catheters (Staphylococcus aureus in three cases and coagulase negative staphylococcus in one patient). The three cases were considered as contaminants because no positive CSF culture was obtained and no clinical and analytic signs were present. In the other patient, a coagulase negative staphylococcus was also isolated in CSF, and was treated with linezolid (3% total sample).
No pupillary changes were recorded in the first 48 hours after ELD placement.
DISCUSSION
In our series, CSF removal through an ELD catheter resulted in a decrease in ICP in all patients. Up to 62% of the patients presented a good outcome in the long-term evaluation. Few complications related to ELD use were noted.
Post-traumatic intracranial hypertension constitutes the leading cause of death in the ICU brain-injured patients 4 . Treatment high ICP following the Brain Trauma Foundation recommendations follows a standardised pathway which includes general measures, sedatives, muscle relaxants, and first-tier measures (osmotic solutions, ventricular drainage of CSF, moderate hyperventilation). If these measures fail to control high ICP, secondtier measures are commonly used (decompressive craniectomy, barbiturate coma or therapeutic hypothermia) 18 . However, in most cases these measures are not suitable in unstable patients or fail to control high ICP. The prognosis in these cases is usually poor 19 . In these patients, some authors have supported the use of ELD to control high ICP. Several series [5] [6] [7] [8] [9] [10] have shown a marked decrease in ICP in all patients. However, some safety issues have been expressed 11, 12 , and in addition, mechanisms involved in this ICP lowering are not clear 5, 7 .
EFFICACY
Our series showed a marked decrease in ICP after placing the ELD. This improvement in ICP lasted for the remaining ICU stay in most patients. These results are consistent with those shown in previous series [5] [6] [7] [8] [9] [10] . In addition, one recent review by Schreckinger and Marion 20 evaluating the benefit in ICP control obtained with different treatment modalities, stated that ELD constituted one of the most effective therapies. Mechanisms involved are not clear, but it has recently been hypothesised that lumbar drainage of CSF reduces lumbar pressure and leads to a craniocaudal flow resistance reduction and improves CSF oscillations, ameliorating cerebral venous outflow 5 . In our series, in all but four cases, ICP was controlled and the different treatments for ICP control previously used could be withdrawn. Whether potential risks (coning, infection) will outweigh benefits (ICP control and cerebral perfusion pressure increase) is still a matter of debate 11, 12 . Since we found similar efficacy in patients who received second-tier measures, and in those who did not, we consider that it would be of interest to examine its usefulness in different stages in the treatment of high ICP.
Of note, drainage of CSF by a ventriculostomy is considered a first level measure in the Trauma Coma Data Bank guidelines. However, its use in severe TBI patients is infrequent in many European centres 21 , as well as in ours. The main difficulty with ventriculostomy in TBI patients is that a significant percentage of them show a mass effect on cranial computed tomography scan, with midline shift and subsequent obliteration of lateral ventricles 22 . Throughout the study period, ventriculostomy use was not common in our institution, and in fact only two patients in this study were treated with EVD. The lumbar approach can be an alternative. A study comparing EVD and ELD in the management of high ICP and evaluating related complications would be of interest, although both techniques require different specific radiological features. It has to be underlined that we primarily used ELD as a rescue therapy when second-tier measures failed. This is the main reason why ELD was used eight days after TBI, which is later than ventriculostomy placement is usually performed in many institutions.
SAFETY
We examined the number of patients who presented pupillary abnormalities related to the procedure. This has been a major concern expressed after the publication of the largest series in this topic 5 . Tuettenberg et al in their study which included 100 patients (55 with subarachnoid haemorrhage and 45 with TBI), pupillary abnormalities suggesting cerebral herniation related to the procedure were observed in 12 patients (12%). In our series, following a predefined strict protocol 7,14 , we did not observe unilateral or bilateral mydriasis within 48 hours of placing ELD. Careful CSF drainage and management of the system and head position appears to be a key factor in this setting, since the clinical and radiological conditions prior to ELD placement were similar in both studies. As previously stated, mandatory radiological conditions must be present before ELD catheter placement. In our study, the exception was a 49-year-old male who deteriorated from a Glasgow Coma score of 15 with bifrontal contusions managed non-surgically, and who had an ELD placed after failure of barbiturate coma. In this case, a bifrontal craniectomy was considered too aggressive.
No major coagulation disorders were present in our patients. We believe that coagulation conditions necessary to place an ELD do not differ from other neurosurgical procedures. We would recommend having a platelet count higher than 100,000 platelets/µl and international normalised ratio lower than 1.6.
COMPLICATIONS RELATED WITH ELD PLACEMENT
We experienced a high incidence of mechanical problems (26%), requiring replacement of the ELD catheter in four cases (13%), a similar incidence to that found by Tuettenberg et al study 5 . No change in the patients' condition was noted.
Regarding infectious complications, we obtained positive cultures of the distal end of the catheter in four cases. In three cases it was considered as a contaminant because no positive CSF culture was obtained and no clinical and analytic signs were present according to the criteria described by Martinez et al 23 . The other patient was successfully treated with specific antibiotic therapy. In the study by Tuettenberg et al 5 meningitis occurred in 7% of the patients. However, it should be noted that all patients in that study had ventricular and lumbar drainage, so the incidence attributable to ELD might be overestimated 5 .
LONG-TERM FOLLOW-UP
We performed long-term follow-up (three to five years) of our patients. Outcome was available in 25 out of 26 patients who survived after ICU discharge (overall 29 out of 30 patients). Our series shows that 62% of these patients achieved a good outcome (moderate disability or good recovery). When evaluating this outcome, two issues have to be considered and balanced. First, the median Glasgow Coma score of 8 implies that half of the sample had a moderate but not severe TBI. These patients are expected to have a better outcome than those with severe TBI. Second, up to 66% of the patients had high ICP refractory to second-tier measures. This group usually presents a higher mortality. Under these circumstances, we believe that 62% of good outcome can be considered a good result.
Our study has some limitations. First, this is a case series with retrospective analysis of clinical data. Therefore, it was not possible to compare ELD with other treatment modalities for high ICP.
All patients were managed similarly. However, in some patients ELD was used as the initial secondtier measure because of potential contraindications to barbiturate coma and therapeutic hypothermia. In addition, as previously stated 7 , the use of ventricular drainage was not a common procedure in our institution during the study period.
In conclusion, the use of ELD resulted in a marked decrease in ICP. These patients presented a better long-term recovery than expected. Few complications related with ELD use were noted.
